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© Laser scanning type eye fundus camera. 

® A laser scanning type eye fundus camera is 
designed as such that retina photographing for the 
first frame portion is performed with laser beams 
including two wavelengths among wavelengths of the 
primary three colors and retina photographing for the 
second frame portion is performed with two laser 



beams or less including the remaining one 
wavelength so as to obtain a retina image by the 
wavelengths of the respective primary colors and 
thereafter, they are composed to obtain one color 
retina image. 
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LASER SCANNING TYPE EYE FUNDUS CAMERA 



BACKGROUND OF THE INVENTION 



Field of the Invention: 

This invention relates to a laser scanning type 
eye fundus camera for scan projecting a laser 
beam onto the retina of an eye to be tested and 
receiving a reflected beam from the retina through 
a light receiving element and then color photog- 
raphing the retina in accordance with a signal com- 
ing from the light receiving element. 



Description of the Prior Art: 

Heretofore, an illuminating light of somewhat 
strong (or intensified) energy has been used for 
projecting the same to the retina of an eye to be 
tested in order to carry out an observation photog- 
raphing, etc. in a retina testing using a conventional 
eye fundus camera. 

The test according to this conventional method 
gave a pain to the patient both physically and 
mentally. 

In recent years, in order to diminish this burden 
or pain and enhance the safety of the testing, there 
was proposed a laser scanning type eye fundus 
camera in which a laser beam is scan projected to 
the retina so that a strong (or intensified) energy 
would not be irradiated to a particular part for a 
long period of time. Moreover, as a color photo- 
graph obtained by illuminating the retina with a 
white light is useful in an ordinary eye fundus 
testing, there has been contemplated a laser scan- 
ning type eye fundus camera by which a color 
photograph can be taken. 

As such laser scanning type eye fundus cam- 
era which is capable of color photographing, there 
is one disclosed, for example, in USP4781453. In 
this laser scanning type eye fundus camera, the 
retina is photographed for each frame using a laser 
beam of wavelengths of four colors of R, G, B and 
Y, and retina images obtained by respective 
wavelengths are composed to obtain one color 
retina image. 

However, when the retina should be photo- 
graphed for each frame in sequence using four 
kinds of laser beams which have different 
wavelengths, it takes such a long period of time as 
required for four frame portions in order to obtain 
one color retina image. In such a long period of 
time, there is a fear that the retina image is 
changed due to movement of the eye to be tested. 
Owing to the foregoing reason, there is such a 



tendency as that a clear retina image becomes 
difficult to obtain because there occurs a slippage 
of respective images when such images of various 
wavelengths are composed. 

5 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 

w to provide a laser scanning type eye fundus cam- 
era which is capable of color photographing in a 
shorter period of time than the above-mentioned 
conventional eye fundus camera. 

In order to achieve the above-mentioned ob- 

rs ject, the present invention includes laser beam 
generating means for generating laser beams hav- 
ing wavelengths of three primary colors; 
a scanning optical system for scan projecting the 
laser beams to the retina of an eye to be tested; 

20 switch means for selectively switching laser beams 
of various wavelengths coming from said laser 
beam generating means and guiding the same to 
said scanning optical system; 
control means for controlling said switch means so 

25 as to selectively switch at least two laser beams 
among said three laser beams and permitting said 
scanning optical system to scan project one frame 
portion of such selected laser beams to the retina 
of the eye and also permitting said scanning optical 

30 system to scan project one frame portion of two 
laser beams or less including the remaining one 
among said three laser beams to the retina of the 
eye;a light receiving optical system for taking out a 
reflected light from the retina of the eye; 

35 first light receiving means for receiving reflected 
light having two wavelengths among said 
wavelengths of said three primary colors which are 
guided by said light receiving optical system; sec- 
ond light receiving means for receiving a reflected 

40 light having the remaining one wavelength among 
said wavelengths of said three primary colors 
which is guided by said light receiving optical sys- 
tem; 

andimage processing means for composing said 
45 various primary colors in accordance with output 
from said light receiving means in order to form a 
single color retina image. 

These and other objects, features and advan- 
tages of the present invention will be well appre- 
50 elated upon reading of the following description of 
the invention when taken in conjunction with the 
attached drawings with understanding that some 
modifications, variations and changes of the same 
could be made by the skilled person in the art to 
which the invention pertains without departing from 
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the sprit of the invention or the scope of claims 
appended hereto. 

BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

Fig. 1 is a plan view showing an arrangement of 
an optical systems of a laser scanning type eye 
fundus camera according to the present inven- 
tion; 

Fig. 2 is a schematic side view showing the 
arrangement of Fig. 1; 

Fig. 3 is a control circuit diagram of a laser 
scanning type eye fundus camera shown in Fig. 
2; 

Fig. 4 is a detailed view of a synchronous con- 
trol circuit shown in Fig. 3; 
Fig. 5 is an explanatory view showing photog- 
raphing patterns of the laser scanning type eye 
fundus camera shown in Figs. 1 through 4; 
Fig. 6 is an explanatory view showing another 
example of photographing patterns of the laser 
scanning type eye fundus camera shown in 
Figs. 1 through 4; and 

Figs. 7 and 8 are arrangements showing another 
example of an optical path switch means shown 
in Rg. 1. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

The embodiment of the present invention will 
be described hereinafter with reference to the 
drawings. Figs. 1 through 5 show a first embodK 
ment of the present invention. 

In Fig. 1, a laser scanning type eye fundus 
camera has first, second and third lasers 1 , 2 and 3 
(laser generating means) for generating laser 
beams having wavelengths of three primary colors, 
i.e., B (Blue), G (Green) and R (Red). The lasers 1, 
2 and 3 may include a laser emitting diode or the 
like. And, laser beams generated by the lasers 1, 2 
and 3. etc. are made incident to the scanning 
optical system 4. In this case, a blue laser beam 
generated by the laser 1 is made incident to a 
scanning optical system 4 through a lens 5 and a 
half mirror 6 as beam split means. Similarly, a 
green laser beam generated by the laser 2 is made 
incident to the scanning optical system 4 through a 
dichroic mirror 7, a rotating mirror 8a of an optical 
path switch device 8 (optical path switch means), 
the lens 5, and the half mirror 6. Likewise, a red 
laser beam generated by the laser 3 is made 
incident to the scanning type optical system 
through the rotating mirror 8a of the optical path 
switch device 8 (optical path switch means), the 
lens 5 and the half mirror 6 after transmitting 



through the dichroic mirror 7. 

The dichroic mirror 7 is provided with a coating 
material so that a laser beam of a green 
wavelength is reflected and a laser beam of a red 

5 wavelength is permitted to transmit. Accordingly, 
the rotating mirror 8a can be removably inserted 
into the optical path as will be described afterward. 
When the rotating mirror 8a is removed from the 
optical path, the blue laser beam is guided to the 

70 scanning optical system 4. On the other hand, 
when the rotating mirror 8a is inserted into the 
optical path 4, the green and red laser beams are 
guided to the scanning optical system 4. 

This scanning optical system 4, as shown in 

75 Figs. 1 and 2, includes a polygonal scanner 9 for 
horizontally scanning a laser beam, relay lenses 
10, 11 commonly used as a variable lens, a gal- 
vano scanner 12 for changing the horizontal scan- 
ning position of the polygonal scanner 9 to a verti- 

20 cal direction, a relay lens 13, a focus lens, a 
reflecting mirror 15, an objective lens 16, etc. Such 
scanning optical system 4 scan projects the laser 
beams from the lasers 1 , 2 and 3 to the retina Ef of 
the eye to be tested in accordance with the opera- 

25 tion of the scanners 9, 12 to illuminate the retina 
Ef. The scanning range of the retina by the scan- 
ning optical system 4 can be changed to 20* 
-60 * by the relay lens. 

The reflected light from this retina Ef can be 

30 taken off through the light receiving optical system 
4. This light receiving optical system includes the 
scanning optical system 4, the half mirror 6, a lens 
17 and a dichroic mirror 18. The dichroic mirror 18 
has such characteristics as to reflect the red light 

35 and permit the green and blue light to transmit. 
And, the reflected light taken out by this light 
receiving optical system and permitted to transmit 
the dichroic mirror 18 is made incident to a light 
receiving device 19 such as PTM (photomultiplier), 

40 etc. The reflected light by this dichroic mirror 18 is 
made incident to a light receiving device 20 such 
as P.M.T. (photomultiplier), etc. Accordingly, when 
the reflected laser beams of blue, green and red 
colors reflected by the retina Ef is taken out 

45 through the light receiving optical system, the re- 
flected laser beams of blue and green colors are 
permitted to transmit the dichroic minor 18 and 
input into the light receiving device 19. On the 
other hand, the reflected laser beam of the red 

so wavelength is reflected by the dichroic mirror 18 
and input into the light receiving device 20. 

Also, a part of the laser beams coming from 
the lasers 1, 2 and 3, etc. is permitted to transmit 
the half mirror 16 and made incident to a light 

55 receiving element 21 as a reference light receiving 
device. 

And the mirror 8a, the polygonal scanner 9 and 
the galvano scanner 12 are drive controlled by a 
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control circuit shown in Fig. 3. This control circuit 
22 and its operation will now be described with 
reference to Figs. 1 through 5. 

Upon actuation of the control circuit 22, the 
polygonal scanner 9 is rotated at a high speed rate 
in accordance with a signal from a clock oscillator 
24 of a synchronous control circuit 23 through a 
driver 25. When the laser beams are generated 
from the lasers 1, 2 and 3, etc. in the foregoing 
state, the polygonal scanner 9 of the scanning 
optical system 4 horizontally scans the laser 
beams to the retina Ef by the number of reflecting 
surfaces every time the polygonal scanner 9 makes 
one rotation. On the other hand, the polygonal 
scanner 9 outputs a horizontal synchronous signal 
every time the laser beam is made one horizontal 
scanning to the retina Ef as described. And this 
horizontal synchronous signal is input into a scan- 
ning signal counter 26, a sampling control portion 

27, and a synchronous signal generating portion 

28. A clock signal is input into the sampling control 
portion 27 and the synchronous signal generating 
portion 28 from the clock oscillator 24. 

The scanning signal counter 26 counts the 
horizontal synchronous signal coming from the 
polygonal scanner 9 and inputs a scanning position 
change signal into a vertical synchronous control 
portion 29 every time the horizontal synchronous 
signal is input. And the vertical synchronous control 
portion 29 outputs a vertical synchronous signal 
upon input of this scanning position change signal 
in order to cause a driver 30 to rotate the galvano 
scanner 12 by a predetermined angle to displace 
the horizontal scanning position downward by a 
predetermined pitch. Also, when scanning lines of 
the laser beam for one frame portion are scanned, 
a one frame scanning end signal is input into the 
vertical synchronous signal control portion 29 from 
the scanning signal counter 26 and an optical path 
switch signal is input into mirror pivot driving 
means such as a solenoid, etc. of the optical path 
switch device 8. 

By this, the vertical synchronous control por- 
tion 29 returns the galvano scanner 12 to the 
original scanning portion. On the other hand, the 
optical path switch device B is actuated by the 
optical path switch signal. And when the mirror 8a 
of this optical path switch device 8 is inserted into 
the optical path, the mirror 8a is taken out of the 
optical path, whereas when the mirror 8a is re- 
moved out of the optical path, the mirror 8a is 
inserted into the optical path. A switching state of 
this mirror 8a is maintained until the next signal is 
input 

This scanning number is different depending 
on the switching state of a IMTSC/HDTV switch 31. 
That is, when the NTSC/HDTV switch 31 is at the 
NTSC side, the polygonal scanner 9 is scan driven 



at 15.75KHZ and the galvano scanner 12 is driven 
at 30Hz, and the number of the scanning lines 
becomes 525 for one frame portion. On the other 
hand, when the NTSC/HDTV switch 31 is at the 
5 HDTV side, the polygonal scanner 9 is driven at 
15.75KHZ and the galvano scanner 12 is scan 
driven at 15Hz, and the number of the scanning 
lines become 1050 for one frame portion. 

As the HDTV monitor has scanning lines of 
70 1125 in number, speed is slightly changed when 
reading and displayed. Owing to the foregoing con- 
struction, a high resolution image can be photo- 
graphed by scan driving at a comparatively low 
speed according to necessity. 
75 On the other hand, the vertical switch signal 

and one frame scanning end signal are input into a 
memory synchronous control portion 32 and the 
synchronous signal generating portion 28 from the 
scanning signal counter 26, and the vertical syn- 
20 chronous signal is input into the memory synchro- 
nous control portion 32 from the vertical synchro- 
nous control portion 29. Synchronous signals are 
input into first and second memories 33 and 34 
and a reading control portion 35 from this memory 
25 synchronous control portion 32. Similarly, control 
signals are input into the memories 33 and 34 from 
the reading control portion 35. 

Also, output signals are input into the memo- 
ries 33 and 34 from the light receiving devices 19 
30 and 20 through an A/D converter 36. This A/D 
converter 36 is controlled by the sampling control 
portion 29 and output signals are input into the 
memories 33 and 34 from the light receiving de- 
vices 19 and 20. This input timing is performed 
35 every time a laser beam spot to be scanned to the 
retina Ef is moved for one portion. 

Such spot quantity (image information signal) 
for each spot is memorized in sequence at pre- 
determined addresses of the memory 33 by the 
AO memory synchronous control portion 32 every time 
one horizontal scanning is effected. That is, when 
the mirror 8a is removed out of the optical path, a 
blue reflected laser beam from the retina Ef is 
memorized in sequence in a predetermined ad- 
45 dress of a memory portion B of the memory 33 by 
the memory synchronous control portion 32 every 
time one horizontal scanning is effected. And when 
a memory construction of image information sig- 
nals for one frame portion has been built up in the 
so memory portion B and the mirror 8a has been 
inserted into the optical path, a green reflected 
laser beam from the retina Ef is memorized in 
sequence in a predetermined address of a memory 
portion G of the memory 33 by the memory syn- 
55 chronous control portion 32 every time one hori- 
zontal scanning is effected and a red reflected 
laser beam from the retina Ef is memorized in 
sequence in a predetermined address of a memory 
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portion R of the memory 33 by the memory syn- 
chronous control portion 32 every time one hori- 
zontal scanning is effected. As a result, a memory 
construction for one frame portion is built up in the 
memory portions G and R. The memory to the 
memory portions 6 and R are effected by one 
frame scanning. 

When a memory action to this frame memory 
33 has been finished, a memory action to the 
frame memory 34 is performed in the same man- 
ner. And such memory actions to the memories 33 
and 34 are repeated. 

And when a memory construction to the mem- 
ory 33 has been finished and a memory action to 
the memory 34 is started, image information of the 
various memory portions B, G and R of the mem- 
ory 33 is output by a read control portion. On the 
other hand, when a memory construction to the 
memory 34 has been finished and a memory ac- 
tion to the memory 33 is started, image information 
of the various memory portions B, G and R of the 
memory 34 is output by the read control portion. 
The image information of B, G and R output from 
the memories 33 or 34 is input into a display circuit 
38 through a D/A converter 37, and this display 
circuit 38 composes one color retina image from 
the image information of B, G and R. The A/D r D/A 
and memory circuit A of Fig. 3 include the memo- 
ries 33 and 34, A/D converter, D/A converter, etc. 
shown in Fig. 4. 

Such composed image signal is input into an 
NTSC monitor 40 or an HDTV monitor 41 through a 
switch circuit A synchronous signal is input into 
the display circuit 38 from the synchronous signal 
generating portion 28, and a signal is input into the 
switch circuit from the NTSC/HDTV switch 31. 

Also, when laser beams emitted from the la- 
sers 1 , 2 and 3 are made incident into the scanning 
optical system 4, the laser beams are detected by 
the light receving device 21 . And output from the 
light receving device 21 is input into a light quantity 
control portion in order to control the lasers 1. 2 
and 3 so as to make the laser light quantity con- 
stant The respective outputs of the lasers 1, 2 and 
3 are set as such that when an image of the 
various wavelengths is composed, it becomes 
white in color taking sensitivity of the light receiving 
element into consideration. 

In the above-mentioned embodiment, a retina 
photographing for one frame portion is performed 
with a laser beam of one wavelength within B, G 
and R and a retina photographing for next one 
frame portion is performed with laser beams of 
other two wavelengths in order to obtain a retina 
image of wavelengths of B. G and R. And by 
composing them, one color retina image is ob- 
tained. However, the present invention is not nec- 
essarily limited to this. For example, as shown in 



Fig. 6, it can be designed as such that a retina 
photographing for one frame portion is performed 
with two wavelengths of R and G and a retina 
photographing for one frame portion is performed 
5 with laser beams of two wavelengths of R and B in 
order to obtain a retina image of B, G and R, and 
by composing them, one color retina image is 
obtained. In this case, as a retina reflectance is 
high in R, an overlapping accuracy becomes good 
70 when images for two frames are composed and 
therefore, a clear image can be obtained. 

Accordingly, the retina photographing and the 
monitor reproduction by the memories 33 and 34 
are alternatively performed as shown in Fig. 5. 
75 Also, as shown in Fig. 7, it may be designed as 
such that a half mirror 42 is disposed between the 
lens 5 and the first laser 1, and two reflecting 
mirrors 43 and 44 are disposed between the dich- 
roic mirror 7 and the half mirror 42, an optical path 
20 01 between the reflecting mirrors 43 and 44 being 
disposed in parallel with an optical path 02 be- 
tween the half mirror 42 and the first laser 1, a 
rotating plate 45, a generally half portion of which 
forms a light transmitting portion 45a, being dis- 
ss posed over the two optical paths 01 and 02, the 
rotating plate 45 being able to be rotated by 180 . 
In this case, the optical paths 01 and 02 can be 
switched by rotating the rotating plate 45 by 180 . 
Fig. 8 may be designed as such that the rotat- 
30 ing plate 45 and the two reflecting mirrors 43 and 
44 of Fig. 7 are omitted, and high speed shutters 
46 and 47 formed of a liquid crystal, etc. are 
disposed between the half mirror 42 and the first 
laser 1, and between the dichroic mirror 7 and the 
35 half mirror 42 respectively. 

As the present invention has been constructed 
as described above, there can be provided a laser 
scanning type eye fundus camera in which a retina 
color photographing can be performed in a shorter 
40 period of time than the conventional laser scanning 
type eye fundus camera and a clear color retina 
image can be obtained. 



45 Claims 

1 . A laser scanning type eye fundus camera includ- 
ing: 

laser beam generating means for generating laser 
so beams having wavelengths of three primary colors; 
a scanning optical system for scan projecting the 
laser beams to the retina of an eye to be tested; 
switch means for selectively switching laser beams 
of various wavelengths coming from said laser 
55 beam generating means and guiding the same to 
said scanning optical system; 
control means for controlling said switch means so 
as to selectively switch at least two laser beams 
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among said three laser beams and permitting said 
scanning optical system to scan project one frame 
portion of such selected laser beams to the retina 
of the eye and also permitting said scanning optical 
system to scan project one frame portion of two s 
laser beams or less including the remaining one 
among said three laser beams to the retina of the 
eye; 

a light receiving optical system for taking out a 
reflected light from the retina of the eye; 10 
first light receiving means for receiving reflected 
light having two wavelengths among said 
wavelengths of sard three primary colors which are 
guided by said light receiving optical system; 
second light receiving means for receiving a re* 75 
fleeted light having the remaining one wavelength 
among said wavelengths of said three primary col- 
ors which is guided by said light receiving optical 
system; and 

image processing means for composing said var- 20 
ious primary colors in accordance with output from 
said light receiving means in order to form a single 
color retina image. 

2A laser scanning type eye fundus camera accord- 
ing to claim 1, wherein said laser generating means 25 
comprising first through third laser emitting ele- 
ments adapted to emit laser beams of R, G and B, 
and one laser beam among said R, G and B laser 
beams, and the remaining two laser beams are 
optically switched by said switch means so as to 30 
guide the same to said scanning optical system. 
3A laser scanning type eye fundus camera accord- 
ing to claim 1 , wherein said laser beam generating 
means comprises first through third laser emitting 
elements adapted to generate laser beams of R, G - 35 
and B; and said switch means optically switches a 
first flux of light including R among said laser 
beams of R, G and B and one among the remain- 
ing two laser beams and a second flux of light 
including said R and one among the remaining two 40 
laser beams and guides the same to said scanning 
optical system. 

4. A laser scanning type eye fundus camera accord- 
ing to claim 1, wherein said switch means includes 

a quick return mirror disposed in an optical path of 45 
said scanning type optical system. 

5. A laser scanning type eye fundus camera accord- 
ing to claim 1, wherein said switch means is a 
rotating disc plate including a semicircular light 
transmitting portion. so 

6. A laser scanning type eye fundus camera accord- 
ing to claim 1, wherein said switch means is a 
liquid crystal shutter adapted to selectively transmit 
a laser beam. 
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